Purpose: This study aimed to investigate clinical and radiological factors that may predict high-grade vesicoureteral reflux (VUR) in patients with febrile urinary tract infection (UTI). Methods: We retrospectively analyzed medical records of 446 patients diagnosed with febrile UTI from March 2008 to February 2017. All patients underwent renalbladder ultrasonography (RBUS), 99mTc dimercaptosuccinic acid (DMSA) renal scan, and voiding cystourethrography (VCUG), and were divided in to 3 groups: a high-grade VUR group (n=53), a low-grade VUR group (n=28), and a group without VUR (n=365). Results: The recurrence and non-Escherichia coli infection rates in febrile UTI were significantly higher in the high-grade VUR group than in the other two groups (P<0.05). RBUS showed that hydronephrosis and ureter dilatation were more frequent in the high-grade VUR group than in the other groups (P<0.05). In the high-grade VUR group, a renal cortical defect was more likely to appear as multiple defects, and the difference in bilateral renal scan uptake between both kidneys was larger than in the other two groups (P<0.001). Conclusion: Recurrent UTI, non-E. coli UTI, abnormal findings on RBUS such as hydronephrosis and ureter dilatation, and abnormal findings in the DMSA renal scan such as multiple renal cortical defects and greater uptake difference were associated with high-grade VUR. VCUG should be selectively performed when RBUS and/or DMSA renal scan reveal significant abnormalities.
Introduction
Urinary tract infection (UTI) is the most common bacterial disease in child ren, occurring in 1% of boys and 13% of girls 1) . UTI is often associated with primary vesicoureteral reflux (VUR), and primary VUR is diagnosed in about 2550% of children with UTIs undergoing voiding cystourethrography (VCUG) 2, 3) . However, VCUG is an expensive, invasive procedure that exposes the pati ent to radiation, and recent studies have shown that prescribing prophylactic antibiotic medication is ineffective at preventing recurrence of UTIs in pedia tric patients with VUR 46) . Since lowgrade VURs (grade I, II and III) often disappears naturally as the patient grows, several guidelines are no longer re commending routine VCUG for the first occurrence of UTI 4, 710) .
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Whereas highgrade VURs (grade IV and V) are less likely to resolve spontaneously, and cause complications such as renal scarring, hypertension, and endstage renal disease due to recurrent UTI 8, 1114) . Therefore, confirming highgrade VURs may help to improve prognoses for pediatric patients with VURs.
For these reasons, several studies have been performed exploring predictive factors for VUR. Various factors have been suggested: clinical factors, such as recurrence and se verity of fever, laboratory findings, such as higher CRP level, and radiological findings, such as abnormal renalbladder ultrasonography (RBUS) and 99mTc Dimercaptosuccinic acid (DMSA) renal scan. However, there are few studies regarding the rationale on selectively performing VCUG for detection of VUR 1520) .
The present study aimed to analyze the relationship bet ween severity of VUR and clinical and radiological findings in children with febrile UTI. From our results, we discuss on the necessity of selective modality of VCUG only when highgrade VUR is suspected.
Materials and methods
Among children admitted to the department of Pedia trics at Presbyterian Medical Center in Jeonju between March 2008 and February 2017, we retrospectively analyzed medical records of 446 patients with febrile UTI. All pati ents were under 15yearsold and underwent RBUS, DMSA renal scan, and VCUG. Febrile UTI was defined as a fever of at least 38℃ (measured by a tympanic thermometer) with the presence of at least 5×10 4 CFU/ml of a single bac terial strain in urine collected by suprapubic aspiration or a catheter, or the presence of at least 10 5 CFU/mL of a single bacterial strain in urine collected with a sterile urine collec tion bag. RBUS was performed on patients within 3 days after hospitalization, and DMSA renal scan was performed within 7 days. VCUG was performed after urine culture was confirmed to be negative during hospitalization. According to the results of VCUG performed in all pati ents (446), there were 81 patients (18.1%) had VUR, and among them 28 patients had lowgrade (grade I, II, and III) VUR and 53 patients had highgrade VUR (grade IV and V) based on the Classification system of the International Reflux Study Committee. In cases of bilateral refluxes, the more severe side was graded.
Age, sex, total fever duration, recurrence, white blood cell (WBC) count, and Creactive protein (CRP), and radiolo gical findings in RBUS and DMSA renal scan were com pared across the three groups: the highgrade VUR group, the lowgrade VUR group, and the group without VUR. Abnormal findings in RBUS were categorized as bladder wall thickening, hydronephrosis, change in cortical echo genicity, change in kidney size, and ureteral dilation based on the interpretation of a radiological specialist. Hydro nephrosis was diagnosed based on the Society of Fetal Urology grading system. The DMSA scan results were categorized based on the interpretation of a specialist in Nuclear Medicine, according to the presence or absence and the extent of renal cortical defects. A single local defect on a single nephron was defined as a focal renal cortical defect, while two or more defects on a single nephron or de fects on both renal cortices was defined as a multiple renal cortical defect. The uptake (%) in each kidney was also measured from the DMSA scan, and the uptake difference (%) between the two kidneys was calculated. In order to monitor the recurrence of febrile UTI, the medical records of the patients were reviewed for at least 6 months from the time of discharge.
1. Statistical analysis SPSS version 22.0 (IBM SPSS Statistics) was used for sta tistical analysis. Frequency analysis, descriptive statistics, Student's ttest, chisquare test, and oneway ANOVA test were performed. Statistical significance was defined as a Pvalue of less than 0.05.
Results

Demographic and clinical findings
The mean age of the 3 groups were 11.9±19.8 months, 11.1±15.2 months, and 8.3±15.4 months, respectively, which was lower in the group without VUR, but there was no dif ference among the three groups. There were no dif ferences in male to female ratio among the groups.
The mean total fever duration were 3.1±2.0 days, 2.8±1.6 days, 2.9±1.9 days, respectively, with no statistical diffe www.chikd.org rences.
The recurrence of febrile UTI was higher in the group with highgrade VUR (41.5%, 22 out of 53) compared to the groups with lowgrade VUR or without VUR (17.9% and 14.0%, P<0.001) ( Table 1) .
Laboratory comparison among 3 the groups
The mean WBC count were 17,700±6,700/μL, 18,000± 7,900/μL and 16,000±6,500/μL, respectively. The mean CRP was 6.4±5.7 mg/dL, 6.2±4.8 mg/dL, 5.6±5.0 mg/dL, respec tively, and there were no differences in WBC and CRP levels in the 3 groups (Table 1) .
In urine culture tests, positive rates of Escherichia coli (E. coli) growth were 71.7%, 89.3%, and 91.0%, respectively. Other bacteria included Klebsiella pneumoniae, Entero coccus Faecalis, Citrobacter freundii, Klebsiella oxytoca, Morganella morganii, Proteus mirabilis, Enterobacter cloacae, Enterococcus faecium, Staphylococcus aureus, Streptococcus agalactiae, Pseudomonas aeruginosa, and Enterobacter aerogenes. The proportion of positive patients for bacteria other than E. coli was 28.3% (15/53) in the group with highgrade VUR, 10.7% (3/28) in the group with low grade VUR and 9.0% (33/365) in the group without VUR, with a statistical significance (P=0.001) ( Table 1) .
Radiological findings comparison among the 3 groups
The proportion of total abnormal findings in RBUS was 69.8%, 50.0%, and 55.1% in the 3 groups with no differences.
However, the proportion with hydronephrosis was 47.2 %, 28.6% and 25.4%, respectively, with a statistical difference (P=0.004). Compared with the other two groups, there was a trend of higher proportion of ≥grade 2 of hydronephrosis in the group with highgrade VUR.
Among the other US findings, the proportion of ureter dilation was significantly higher in the group with high grade VUR (P=0.002). But bladder thickening was not a statistically significant difference among the groups. Also, the changes in kidney echogenicity and the changes in kidney size were not different among the groups (Table 2) .
With respect to DMSA renal scan findings, the positive rates of DMSA renal scans were 86.8%, 85.7% and 65.2%, respectively, showing that renal cortical defects were signi ficantly more common in patients with VUR (P=0.001). Of these, the proportion of multiple renal cortical defects was significantly higher in the group with highgrade VUR as shown 58.5%, 14.3%, and 25.2%, respectively (P<0.001). Also, the uptake difference (%) between the two kidneys in DMSA renal scan findings was greater in the group with highgrade VUR as shown 16.3±16.3%, 9.6±7.1%, and 7.6± 6.4%, respectively (P<0.001) ( Table 3) .
Discussion
In the present study, we found that patients with high grade VUR were more likely to experience recurrence of febrile UTI with higher rate of infection with bacteria other than E. coli compared to those with lowgrade VUR or those without VUR. Moreover, patients with highgrade VUR had more hydronephrosis and ureter dilation on RBUS, and more multiple pattern of renal cortical defects on DMSA, and showed a larger difference in renal scan uptake between the two kidneys.
In several previous studies, VUR has been believed as a cause of recurrent UTI and renal scarring 8, 14, 21) . For this reason, the AAP guidelines state that VCUG should be performed after the second occurrence of UTI in order to identify patients with VUR, and the NICE guidelines re commend performing VCUG in cases of recurrent UTI in patients under 6monthsold 4, 9) . Jang et al. reported that grade 3 or higher grade VUR and bilateral VUR signifi cantly increased the risk of recurrent UTI 22) . The results of the present study also showed a higher frequency of recur rent UTI in highgrade VUR patients, suggesting that VCUG should be considered in recurrent UTI patients.
E. coli is known to be the most common species of bac teria causing UTI, accounting for approximately 80% of cases 3) . As shown in this study, other bacteria known to cause UTI include Klebsiella, Enterobacter, Proteus, Citro bacter. Pseudomonas, Staphylococcus aureus, and Strepto coccus 3, 20, 21, 23) . Several previous studies have reported that patients infected with nonE. coli UTI have relatively milder clinical and laboratory findings such as low grade fever, lower WBC and ESR compared to those infected with E. coli. It has been reported that nonE. coli pathogens are more often isolated in patients with urinary tract anomalies, such as VUR, and they are associated with a higher inci dence of renal scarring after pyelonephritis 2426) . Pauchard et al. reported that patients infected with nonE. coli bac teria had a higher probability for highgrade VUR in infants younger than 3 months 27) . In addition, the NICE guidelines published in 2007 stated that VCUG should be considered for nonE. coli UTI 9) . In present study, we also found that the patients with highgrade VUR showed a higher propor tion of nonE. coli UTI.
RBUS is one of the most commonly used imaging me thods to identify inflammatory changes in the kidneys and bladder, as well as congenital deformities, such as VUR, in children patients with UTI. Although there have been many studies to evaluate whether RBUS can be used to pre dict the presence or absence of VUR, these studies showed limitations of RBUS in this issue 16, 17, 30) . However, other in vestigators have reported that severe abnormal RBUS fin dings, such as highgrade hydronephrosis, change in cor tical echogenicity, or ureter dilatation may helpful to perform VCUG 18, 19) . In the present study, total hydronephrosis were associated with highgrade VUR. However, hydronephrosis of grade 2 or higher was not associated with highgrade VUR. This may be due to the fact that the number of pati ents with hydronephrosis of grade 2 or higher were very small compared with the number of total patients. We found that the ureter dilatation was associated with high grade VUR. Therefore, in accordance with the AAP and other existing guidelines, we believe that it is important to perform VCUG to verify the presence or absence of VUR in patients with abnormal findings, such as hydronephrosis or ureter dilatation, on RBUS 4) . DMSA renal scan is a standard method to identify renal parenchymal injury and renal scarring. There has been . Fouzas et al. claimed that DMSA renal scan had an overall limited ability to identify VUR and could not replace VCUG in children with a first febrile UTI. However, Sheu et al. reported that DMSA renal scan was useful to predict the presence of higher VUR in child ren aged two years or younger 32, 33) . Other investigators reported that renal cortical defects were more common in groups of patients with VUR and severity of renal cortical defects was associated with VUR 11, 31) . Kim et al. reported that pa tients with a renal uptake difference on DMSA renal scan was larger in patients with highgrade VUR. There fore, it is reasonable to consider performing VCUG selec tively when severe abnormal findings in RBUS and/or DMSA renal scans were detected.
Clinical indicators such as male gender and young age were reported as predicting factors of VUR 35, 36) , however, the results were controversial 20, 37) . The patients' age and sex were unrelated to VUR in this study.
Soylu et al. reported that fever of >38℃ and CRP ≥5 mg/ dL could be useful clinical predictors of VUR and high grade VUR, and Oostenbrink et al. reported that a predic tion based on age, sex, family history, CRP, and ultrasound was useful for evaluating the likelihood of VUR in children with a first UTI 15, 36) . Our study found no association of the presence and degree of VUR with the severity and duration of fever or with CRP level. There have also been several studies on whether WBC count can predict VUR, but the results were also controversial 15, 37, 38) . In this study, we found that WBC count was not associated with highgrade VUR.
This study has some limitations. This study was retro spectively performed at a single hospital. Interpretation of the images in RBUS and DMSA scan was relatively subjec tive.
In conclusion, patients with highgrade VUR had a higher incidence of nonE. coli UTI and higher rate of recurrent UTI, and they showed severe abnormal findings on RBUS and DMSA renal scans compared to patients with lowgrade VUR or those without VUR. It is desirable to perform VCUG selectively when there are hydronephrosis, ureter dilatation findings in RBUS, multiple cortical defect or difference of uptake difference of both kidneys in DMSA renal scan.
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